Based on these facts and the need to solve the problem of designing an intuitive and natural interface that allows users to retrieve information from the environment though a mobile device, it is logical to think about defining design patterns for mobile devices to browse information related to physical objects in physical spaces. In the next section we present our proposal of HCI mobile design patterns.
HCI Mobile Design Patterns for m-space applications
Before introducing design patterns, we will introduce the concept of m-space applications. These applications are a subset of mobile applications that are designed to browse information related to physical spaces (buildings, floors, rooms, halls, etc.) and the objects that these spaces contain. Examples of this kind of applications are the museum tour guides. These guides show information about the art pieces the museum exhibits. In this section we present the characteristics of design patterns for m-space applications. Patterns emerge from the experience of solving problems in real scenarios. We have based the construction of this pattern catalogue on usability evaluations performed in a real m-space system, the Cutlery Museum of Albacete or MCA (Gallud, 2005) . Analyzing the usability evaluations, we detected some problems related to HCI using a PDA running in the MCA system. To solve these problems we designed a brand new user interface. From this interface design, we extracted a set of HCI design patterns that were defined to solve related to the design of m-space applications. These patters were introduced in (Tesoriero et al., 2007c) . Mobile devices do not have the processing power neither the screen resolution of desktop computers, so the information to be presented to the user should be carefully organized. Some advantages of implementing m-space systems are:
• The improvement of information availability in physical spaces: Information that is not available in a physical form (a text panel or a photo) may be so virtually.
• The provision of physical context to the information: The information is easily assimilated if there is a physical representation that is associated to it. • Information update: Information is easily updated in a virtual form. For instance, it is cheaper and quicker to change the information stored in a database than the information displayed in a text panel. Examples of public spaces that can take advantage of this type of applications are museums, libraries, shops etc. When building these applications, there are some aspects that should be carefully designed to keep the application simple, intuitive and easy to use. Based on our experience we have summarized the findings and the lessons learned in the following list:
• It is vital to reflect the user position and orientation into the interface to keep the virtual/physical synchronization between the real and virtual location of the user.
• Mobile devices should be manipulated with the least possible effort because users usually are manipulating other objects while using the device.
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• People should be able to use their own mobile devices as a guide in physical spaces. Additional information about users may be used to guide them across buildings and rooms.
• Accessibility is a key issue to tackle because mobile devices may become a powerful tool that may help disabled people to interact with the environment. Once we have talked about the aspects covered by this pattern catalogue, we will describe how these patterns are documented. We have based the design patterns description on the one given by Roth (Roth, 2002) that is indeed based on Gamma's description. The elements were used to describe these patterns were:
• Name: The name of the pattern should indicate the problem and proposed solution in one or two words.
• Synopsis: It is a brief description of the pattern.
• Context: Describes the problem to be solved.
• Solution: Describes the proposed solution.
• Consequences: Describes the advantages and disadvantages of applying this pattern.
• Schematic Description: Most patterns described in this catalogue have a generic graphical representation that is represented in this section.
• Related Patterns: This section is used to relate patterns of this or other catalogues.
We have included relationships to W3C Common Sense Suggestions for Developing Multimodal User Interfaces principles (W3C, 2006), Tidwell's sublanguages (Tidwell, J., 1999) (Tidwell, J., 2005) and Van Welie's patterns 1 (Van Welie, M. & Traetteberg, H., 2000) . We have kept Gamma terminology using the term Category to describe groups of patterns. And we have also found more useful the classification of patterns where each pattern belongs to just one category. Each category represents a set of related problems. In this sense, we defined four categories as follows:
• Location: The set of patterns to keep people situated within the physical space.
• Layout: Patterns proposed in this category expose different interface organizations to cope with mobile device screen resolution restrictions.
• Routing: These patterns guide users through a physical space.
• Accessibility: These patterns help disabled people to explore physical spaces.
The detailed explanation of each design pattern category will be described in sections 4, 5, 6 and 7.
Location Patterns
Public spaces, as museums and art exhibitions, are usually visited by people that have not been there before. So, usually they get a feeling of insecurity when visiting these places because they are going through an unfamiliar place.
This feeling should be minimized in order to improve user experience into these spaces. To cope with this feeling, mechanisms that improve people knowledge of the place should be provided. There are many alternatives to achieve these improvements and the most common are web pages, maps and panels. Web pages are good alternative to those people that plan their visit, but it is not practical to those that perform ad-hoc visits. Maps seem to be a good alternative for small spaces that do not have much information to show because they are small and easy to manipulate, but on large spaces and lots of information to expose, this alternative is not the best because of map dimensions. Finally, panels seem to be a good alternative because they are able to expose information about a specific space, and all the information is kept in context with the space it belongs to, but this information may not be available to all visitors because of space restrictions. However, an application containing information about physical space can be deployed into visitors' mobile device to help them to know the place while they are visiting the space. Besides, as this information is displayed individually, a personalized view of the information may be provided to visitors. To display information according to physical spaces, we have to use a metaphor that relates different levels of spaces (i.e. buildings, floors, rooms, etc.) each other. This relationship seems to be the "contains" relationship because buildings are composed by floors, floors are composed by rooms and halls, furniture is placed in rooms and halls, and each piece of furniture contains objects. Thus, most of these patterns are based on this relationship to help users get oriented into an unknown space and get more familiar with it. They are used to make visitors aware of orientation and position within a physical space. They also tend to synchronize real space with virtual space creating a virtual representation into mobile device screen that could be easily matched to the real scenario.
Breadcrumbs
Synopsis: A marquee is used to identify a space into large sets of buildings or floors.
Context: M-space applications present information about a space or object into the mobile device screen. This information should be in context with the space that contains it to keep the user situated into the place. Large spaces are difficult to explore because there are lots of places to see and most of them have a similar appearance. Consequently, visitors usually get lost.
Solution:
This problem could be solved applying a simple concept that is present in our daily life, the address. When we have to locate a house, we usually identify it by its address (street, number, state, country and so on). So, the same idea is applied to physical spaces. For instance, buildings have names, floors have numbers, rooms or halls also have names or numbers, and showcases or concrete objects have a way to be identified too. A simple implementation of this concept may be achieved by adding a small address bar on the top or bottom of the screen. This bar shows the path of names of the space levels that are required to get to the place is being represented on screen. An address bar may be composed by the names, in text form, of spaces separated by a symbol that represents the relationship between neighbour spaces. Besides, the low resolution of mobile device screens leads to a landscape based design to avoid using several rows to expose addresses.
Consequences:
The first advantage of applying this pattern is the achievement of visitor location awareness in a simple and direct way. Spaces can be reviewed easily, because the user is able to uniquely name them. Besides, it is useful to perceive how far a user is from a place because any visitor can be aware of distances just by relating two addresses (i.e. two rooms are near if they are in the same floor). It also provides an easy way to identify places or objects to visitors when they are communicating experiences. Finally, as consequence of the last fact, when visitors have to reach a known place, the path name may be used as an implicit guide to reach the destination. On the other hand, there are some disadvantages of this approach. For instance, it has a direct impact on the screen because it takes some space from screen, particularly when long addresses are needed. Thus, depending on screen resolution, it is probable that space names do not fit in one line. An alternative to solve this problem is the addition of a second line, but we will be wasting space on information that is probably not used at all times (address information is useful but it should not be the centre of attention of users). Another alternative is based on displaying the lower level space names only, because they are more relevant to visitors; but we are not displaying the whole space context. And, close related to the last alternative is the possibility of including key controls to show this information (right-left, up-down), but buttons are really important resources, and they should not be used unless they were unused. Finally, we can propose a marquee based alternative where text is moving through bar. However, this alternative should not take too much attention of the user. Breadcrumbs with a wider space to display path names. A graphical alternative to Breadcrumbs is Multi-Layer Map. W3C Common Sense Suggestions for Developing Multimodal User Interfaces: This pattern focuses on two principles. The first one is the ability to communicate clearly, concisely, and consistently with users because the information is shown to the user in the same way through all spaces and synchronizes virtual and physical space in some way. The second principle is related to make user comfortable because: it always presents the current status of the system to the user, it also eases stress in the users' short-term memory, and it helps users to know where they are. Tidwell's sublanguages: It is related to Go Back One Step, Go Back to a Safe Place and Navigable Spaces. Breadcrumbs pattern is used to navigate backwards, one step or any. Van Welie's patterns: Breadcrumbs is related to its homonymous in Welie Web design patterns group because it is essentially the same idea applied to a physical space.
Multi-Layer Map
Synopsis: A set of small icons, photos or schemas are used to identify user location into the space.
Context: Some m-space applications are centred on space location (i.e. guide or map applications). It means that the information these applications provide is basically the location of something instead of information about something. When large spaces are composed by spaces that are similar in appearance, the user can easily get lost. Even more, if spaces are not identified. And these applications should avoid this situation. Besides, sometimes users do not know exactly what they are looking for and they just start browsing to find something interesting for them. So, to improve user location awareness a rich space representation is needed.
Solution:
A solution to this problem may be based on showing a stack of sketches, images or icons that that represent each level of space hierarchy. This stack displays the path to the lower level space being showed on screen in a graphical way. Generally, it is enough to represent space levels in 2D. However, space representations may be expressed in 3D.
Consequences:
The consequence of using this pattern is the possibility to locate objects or spaces in unnamed or unidentified locations, due to the expression richness of the representation. Another good consequence of applying this pattern is the provision to users with "virtual" and graphical distance perception because, if representation is scaled to real dimensions, the user perceives the distance between two points. This pattern can easily be adapted to portable device screen layout design because it can be placed horizontally, on the top or the bottom of screen; or vertically, on the left or on right of screen. Besides, if there is enough screen space and spaces have names assigned, a label indentifying them can be added accordingly to avoid user deducing it. It also provides users with the ability to perceive space neighbourhood. It is a very interesting tool for those that do not know exactly what they are looking for. The main disadvantage of this approach is the amount of screen space this representation takes from screen. It is only advisable if the location is the centre of the application, otherwise Breadcrumbs solution is preferable. 
Related Patterns
Patterns in this catalogue: It is close related to Breadcrumbs pattern because it performs the same functionality, but graphically. If routes pattern is applied, the next space to be visited can be easily shown. W3C Common Sense Suggestions for Developing Multimodal User Interfaces: This pattern focuses on communicate clearly, concisely, and consistently with users because information is shown to the user in the same way through all spaces. It also synchronizes virtual and physical space in some way. It also makes user comfortable because it always present the current status of the system to users, it also eases stress in the users' short-term memory and it helps users to know where they are. Tidwell's sublanguages: As this pattern is close related to Breadcrumbs, it is related to Go Back One Step, Go Back to a Safe Place and Navigable Spaces; and it provides a flexible way of navigating across spaces, because you are not showing a path, but nodes on the tree hierarchy. Van Welie's patterns: This pattern is related to Breadcrumbs in Welie Web design pattern group because it is essentially the same idea applied to a physical space.
Door at Back (aka Exit)
Synopsis: A sign is drawn into a space representation is used to point the way used by the visitor to enter the space.
Context: There are two types of problems this pattern addresses. The first one is related to large spaces, where people spend lots of time exploring this area. As consequence, they get lost because they get focused on the content of this space instead of the location they are in. The second problem lays on space transitions. A space transition occurs when people pass through one space into another. If transitions occur between spaces that have similar appearance, the user may get confused and probably lost.
Solution:
To represent spaces, maps are used. So due to screen resolution restrictions, spaces are represented in many screens that contain information about a portion of a map describing a space unit (a room, a floor, a building, etc) where users can select subspaces to browse information in them. The solution is based on a simple question that is asked when we get lost in any place: "How did we get in?" To answer this question, we can use the virtual map provided by the virtual device. It can easily provide us with a mark that points the entrance to the space. This mark should match to a physical sign to get the real point into the map at any time. The mark works as an automatic bookmark, when visitors enter to any space, the entrance is automatically bookmarked to go back any time they need it. It is also important to notice that when we come into a space it is preferable to have the entrance mark at the bottom of the map, so when users enters any space the map is automatically oriented according to users' location.
Consequences:
The application of this pattern provides users with the ability to get oriented when a space transition occurs. They can match virtual and real scenarios at first sight as soon as they enter the space. Another advantage of applying this pattern is the support for user memory to remember a familiar point. The entrance point of any space is always a milestone providing short stops in the visit that are long enough to avoid keeping user attention more that the necessary, and short enough to avoid users to go a long way back in the visit. However, to implement this pattern, an icon to mark the entrance in the map should be provided. Therefore, the marks in the map may obscure it, even more in low resolution screens; they also may cover other interesting points in the map, and make the map more difficult to read.
Schematic Description:

Fig. 3. Door at Back
Related Patterns
This catalogue patterns: This pattern can be used jointly with Breadcrumbs to help users to get oriented in a natural and intuitive way. Besides, it can be combined with layout patterns, such as Vertical-Horizontal layout to adapt screen layout to map shape and Layout Transitions to make users aware of layout changes. Finally, there is a close relationship between this pattern and Signs because they relate real and virtual spaces explicitly.
www.intechopen.com W3C Common Sense Suggestions for Developing Multimodal User Interfaces: There are three principles that are close related to this pattern. The first one focuses on Satisfying Realworld constraints, as physical and environmental suggestions, due to real space orientation is treated in this pattern. The second one is about communicating clearly, concisely, and consistently with users because a representative icon is placed in the screen to represent user entrance direction (i.e. an arrow). Finally, the third one makes users comfortable by easing users' short term memory because the icon helps users to get "back to the basics" when users enters a room. Tidwell's sublanguages: The following sublanguages are related to this pattern definition: Go Back One step and Go Back to a Safe Place are related because the arrow is used as a way to go to a safe place and get the user oriented. It is also related to Bookmark because the entrance is automatically bookmarked as a safe place. And, at last, Remembered State because it signals the moment the user entered into the room. Van Welie's patterns: This pattern can be related to Feedback because user gets oriented based on a previous known position and visibility to solve the user guidance problem. Besides, it improves the Learnability and Memorability aspects of the usability.
Signs
Synopsis: A real sign matches a virtual representation to the map to identify subspaces.
Context: On large spaces, as rooms or halls visitor may get lost because their attention is focused on the contents of the space. After a while, because of the lack of knowledge of the space, users get lost. Another problem arises when users are looking for something in large spaces filled with lots of objects. To find it they should be able to identify some subspaces within the space in order to locate the desired object. Finally, a common situation that usually affects visitors is getting lost in spaces that present a homogeneous appearance.
Solution:
The solution to the proposed problem is based on the point of reference or neighbourhood idea. It means that we identify some places based on the relationship on a remarkable or known place; for instance, the house next to the bank, the statue in middle of the park, and so on. Mobile devices provides maps to identify spaces, so to identify subspaces (i.e. stops) within the space a set of signs is placed in different locations of a room or hall. These signs are also indentified in the map by iconic representations. Real signs may be labels, pictures or some remarkable object in the room or hall. Virtual icons representing these objects or signs should be representative of them, to ease the real to virtual matching to users.
Consequences:
Users become aware of their own orientation/position virtually and physically just by looking both (the real and the virtual in the map) signs. This pattern tends to reduce the gap time that users need to get oriented after spending a long time inside a space because the user can easily identify physical objects or location with a map representation in the mobile device screen, achieving A natural and intuitive user orientation. Users are guided across spaces by signals that do not need translation because they are represented in the same way into the map. Besides, if remarkable objects are used as signals, they are identified in the map easily, too. Visitors may use these signs to communicate object locations each other precisely because signals identify subspaces. A disadvantage of applying this pattern is the possibility to obscure the map with icons and remarkable objects representations. Another disadvantage is the possibility of polluting the physical environment visually with signs. However a solution to this problem is the use of remarkable objects instead of signs.
Schematic Description:
Fig. 4. Signs
Related Patterns
This catalogue patterns: This pattern is close related to Door at Back. The main difference lies on the space application level because Door at back is targeted to solve space transition awareness, and this pattern intent is to cope with long stays in the same space. As a location pattern, it is related to Breadcrumbs and Multi-Layer Map too. All these patterns can be combined providing users with powerful orientation tools. W3C Common Sense Suggestions for Developing Multimodal User Interfaces: This pattern focuses on communicating clearly, concisely, and consistently with users because it synchronizes multiple modalities appropriately, the real and virtual one. It also makes users comfortable by advertising and suggesting using signs like landmarks, helping them to know where they are. Tidwell's sublanguages: This pattern is related to Bookmark because it can be seen as a fixed bookmark in the space. Van Welie's patterns: The only pattern related to this one is Like in Real World because it associates a real life object to a virtual one.
Layout HCI Design Patterns
Mobile devices have several resource restrictions compared to desktop computers. One of the low resolution of screen. As consequence, screen organization should be carefully designed. These patterns deal with this problem because they propose solutions to this common situation that usually arises when m-space applications are designed. They exploit www.intechopen.com screen dimensions according to the data that will be presented to users. Most solutions in this category are based on a dynamic layout adaptation of the UI components of the screen according to the data they should render. Screen layouts are usually based on two types of information, primary information and secondary information. Primary information is related to the goal of the screen, for instance showing information about an art piece or an object of user interest. On the other hand, secondary information is about information that is useful to the user, but it should not take user attention unless the user is really interested on it. An example of this type of information is awareness information. In order to optimize screen size and resolution, information type should be taken into account to modify screen layout and get the best results.
Landscape
Synopsis: It applies a landscape based interface design to implement m-space applications Context: M-Space applications should provide users with information that is not usually available on traditional spaces, for instance, photo galleries, audio and video. Photos are usually wider than higher and videos are usually displayed in panoramic screens. However PDA applications are usually designed to run in portrait position. Besides, people that are visiting public spaces usually carry baggage and they have only one hand free to operate any device. Using a mobile device such as a PDA in portrait orientation requires the user to use both hands to use the keyboard.
Solution:
The solution of these problems is the landscape design of mobile device user interfaces.
Consequences:
The use of mobile devices in landscape position will provide users with the capability of take advantage of low screen resolution while seeing photos or watching videos. Besides, using PDA in landscape position allows users to hold the device and access cursor controls using one hand only. However, controls and application orientation must be synchronized for right and left handed people. Thus, up and down, and left and right buttons should be swapped to get desired behaviour. Finally, cursor keys are the best way to manipulate portable devices on one hand only and the use of mobile devices in landscape position allows it.
Schematic Description: 
Related Patterns
This catalogue patterns: This pattern is closely related to Vertical -Horizontal Layout because the data to be displayed should be optimized to be shown on landscape format. It is also close related to Right-Left Handed Users, because cursor keys should be used by the most skilled hand of the user. W3C Common Sense Suggestions for Developing Multimodal User Interfaces principles: This pattern focuses on Satisfy Real-World Constraints because most of media information is prepared to be presented on landscape format, so the best way to fit this information is by using this format on screen. Besides, it communicates clearly, concisely and consistently with the user by making the focus consistent across information media by using PDA in landscape position.
Vertical-Horizontal Layout
Synopsis: This pattern adapts screen layout according to importance of information level to optimize the screen size.
Context: Information to be displayed on portable device screens should be carefully presented to the user because screen resolution is low and screen dimensions are reduced. In this kind of systems, we can define two types of information to be displayed. The primary information fulfils the screen objective. On the other hand, secondary information provides additional information to perform other operations. Primary information shape and size varies; for instance there are photos that should be displayed in portrait or landscape position, videos are usually displayed in landscape position and text is preferably to be displayed in portrait position. So, how should we design the interface to cope with a multimodal interface?
Solution:
To solve this problem, we captured the solution proposed by most of video players. When no video is being played, controls are the focus of the application. However, when a video is being played by the player, controls are hidden or they are placed at the bottom of the screen to avoid interference with user attention. In this case, when no video is being played, the primary information is represented by the player controls. On the other hand, when a video is being played, the primary information is represented by the video and secondary information is represented by player controls. The solution is based on laying out the interface according to the shape and size of the primary information. And to optimize screen visualization for main information, screen layout is changed to fit main information the best way as possible. Secondary information is displayed "around" main information where space is available.
Consequences:
Primary data information is optimized to fit screen and secondary information is displayed on available space. So, the interface displays the primary information the best way possible. However, secondary information is not sacrificed in pro of primary information space; instead it is placed on where it does not injuries primary information. A disadvantage that presents this approach is the possibility of the user to get confused when layout transformation is applied to interface. For instance, suppose that we are watching a photo in landscape position and we have breadcrumbs on the top, then we want to see a photo in landscape position, and title bar on the right. As consequence, the user may get disoriented with the interface, because same actions are in different places of the screen.
Schematic Description:
Fig. 6. Vertical-horizontal Layout
Related Patterns
This catalogue patterns: Because this pattern belongs to Layout category, it is close related to Landscape and Layout Transition. Landscape can be applied when video or photos in landscape position are displayed, and portrait when text is being displayed. To address the problem of transitions between different layouts, the Layout Transition can be applied. W3C Common Sense Suggestions for Developing Multimodal User Interfaces: This pattern satisfies the ability to communicate clearly, concisely, and consistently with users by switching presentation modes when information is not easily presented in current mode. This pattern performs this operation based on primary information requirements. It also suggests keeping the interface as simple as possible because information layout is changed, keeping information to be displayed intact. Besides, this pattern makes users comfortable by reducing learning gap of a new user interface because information to be displayed is the same, only layout is changed. Tidwell's sublanguages: A sublanguage related to this pattern is Disabled Irrelevant things. Although secondary items are not disabled, they are not treated in the same level of relevance as primary information. Good Defaults sublanguage is also related to this pattern because information default layout changes according to primary information to be displayed.
Layout Transition
Synopsis: It gives feedback about layout transition to users.
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Context: It is a good practice to keep information in the same screen zone to avoid users look for this information every time they need it. However, mobile devices have screen restrictions, so it is important to optimize screen space usage. One of the mechanisms to achieve this goal is the arrangement of data display components according to information to be displayed. However it causes user disorientation.
Solution:
The solution is based on two ideas. The first one states that people learn how to operate something based on previous experience. That is to say, if they know how to read temperature from a car dashboard, it does not matter if is on top of speedometer or if it is at the bottom. The second one is based on the fact that people learn quicker when is able to see how a process is performed. As information is usually organized in panels, the layout usually affects these panels and the solution to the problem stated before is based on presenting users a smooth animation of affected panels, providing feedback about the new layout and information distribution of the application. There are many ways to achieve this commitment, for instance, panels may be stretched and enlarged until they get the desired shape. Another way to achieve this goal is using arrows that show the user what is going to happen with the interface.
Consequences:
The first consequence of applying this pattern is the achievement of user confidence about what is going to happen with the application. It is really important to note that these transitions also save user learnability time because interface is not changing, it is being transformed. Interface is showing how information is arranged instead of letting users notice the change. However, it introduces a delay into HCI interactions. It is really worthy for beginners, but it may be a little annoying when when expert users are interacting with the application. It is recommendable to allow users enable and disable this application feature.
Schematic Description:
Fig. 7. Layout Transition
Related Patterns
This catalogue patterns: This pattern is very close related to Vertical -Horizontal Layout pattern because it proposes arranging UI components according to importance of information level.
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W3C Common Sense Suggestions for Developing Multimodal User Interfaces: It accomplishes the advertising suggestion principle because it encourages the use of animations and sound to show transitions while organizing interfaces, stating that the use of these resources to get users' attention. Tidwell's sublanguages: This pattern is mainly related to the Progress Indicator because screen layout transformation is a process that is being exposed to the user.
Routing HCI Design Patterns
M-space applications are designed to allow users to browse information related to the physical environment they are exploring. The browsing process is based on a metaphor that enables users to match objects and physical spaces to their virtual representation. In this case, we have to match this representation into a mobile device. Mobile devices have screen resolution and processing power restrictions that should be taken into account when virtual representations are used. Navigation across spaces should be natural and intuitive because if they find out that the use of the device is more complicated than performing the same tasks by themselves, the application will be futile. To carry out this goal we present this category of design patterns that groups patterns related to space navigation. These patterns provide, among other important features, user awareness about virtual space navigation controls and location. They also provide different ways of navigation and guidance help for users according to their preferences.
Free Will Navigation (aka left-right & up-down)
Synopsis: It provides users with access to any virtual space at any level using cursor keys only.
Context: M-Space application objective is to browse and retrieve information about objects and spaces. A key task to carry out this objective is the provision of a versatile, intuitive and natural navigation interface. There are some issues that should be taken into account when designing navigation interfaces for m-space applications. For instance, the importance level of information that the navigation system has assigned is defined as the most important of secondary information. So, it should take enough space to be easily identified by users, but not too much to obscure the main content of the screen. Besides, navigation controls should be natural and intuitive to keep learnability gap to the minimum because it may become useless if users find out that it is easiest to browse information without using the application. Another important issue to take into account is the fact that public spaces are usually accessed by people that are carrying baggage. As a consequence, they have only one hand free at a time to use any electronic device. So, it is necessary to introduce a way to navigate through the m-space application using one hand only.
Solution:
The solution is based on the interface presented in most of electronic devices. These devices have shortcuts to most used functions of the device. For instance, MP3 players provide controls to most common operations (play, stop, pause, volume control, etc) directly on the keyboard. However, it does not mean that these are the only operations available, but they are the easiest to access. Thus, the proposed solution is based on using cursor buttons, available in any mobile device, as navigation controls. Interface is based on a map that shows a virtual space, for instance a room containing furniture. And, three actions are available; the first one is the selection of any furniture piece of the room; the second one enables users to go into selected furniture to see the objects it contains; and finally, the third one enables users to get out of the room, and get into the floor map to be able to select another room. Therefore, the same situation is analogous in almost any space level; for instance, you can see a floor map to select rooms or exit to the building to select another floor. Users can also see the building map to select floors, or they can see an object, and select an audio or video associated to such object. Once application interface is defined, key assignments should be performed. For a landscape layout, adapted to right handed people, we propose to use up and down keys to select an element into the map. In the room example exposed before, we will use these cursor keys to select a furniture piece into the room. The right cursor key will be assigned to go into selected space. In the room example it will display a screen to browse the objects contained into the selected furniture piece of the room. And finally the left cursor key is used to get out of the map and go into the previous space level. In the room space, this key shows the floor the current room belongs to, so the user is able to go another room. It is recommendable to label the arrows representing cursor buttons on screen to provide user feedback about actions.
Consequences:
The first consequence is the possibility for users to control the space navigation naturally and intuitively with one hand only using cursor keys. An important issue to note is the possibility to make the proposed combination of keys a standard; making it the "natural key combination" for m-space applications. This fact will drastically reduce the learnability time. Unfortunately, because of the lack of actual standards, labels may obscure map. 
Related Patterns
This pattern catalogue: Main relationship is established to Landscape Layout pattern because portable devices (such as PDAs) can be used with one hand only, if they are in landscape position. The device should be used with the most skilled hand of the user so it is also related to Right-Left handed users design pattern.. W3C Common Sense Suggestions for Developing Multimodal User Interfaces: This pattern satisfies real-world constraints by assigning cursor keys to most common operations on this kind of applications. It also applies physical suggestions by using one hand only instead of both hands. This pattern also communicates clearly, concisely, and consistently with users by using the same keys through the whole navigation system regarding of space level, keeping interface simple. Tidwell's sublanguages: This pattern is related to: Optional Detail On Demand because user access the information according to space level, Short description because information about navigation is displayed on screen, and Convenient environment Actions because people usually goes one level up and down only. Van Welie's patterns: The problems this pattern affords are related to: Visibility because user guidance and navigation can be used to guide users across buildings, Affordance because it uses the space metaphor, and Feedback because operations are labeled. In relation to usability issues, this pattern try to cope with Learnability and Memoability.
Routes
Synopsis: Routes pattern provides users with predefined routes that guide them according to their interest.
Context:
Large spaces are difficult to explore, because they may contain huge amounts of information that is not manageable by visitors. So, information is usually divided according to subjects. This division is not exclusive and cannot be grouped into separate spaces. There are many examples about this situation in museums, for instance, we can group art pieces according the year they were created, or we can group them by author. Sometimes visitors do not have enough time to explore the whole physical space, so they decide to explore the part of the space they are more interested. For instance, a user can decide to see XIV Century Swords instead of all swords.
Solution:
The solution is based on the provided in large museums, where visitors can choose a route to follow. This route is related to a specific subject and it guides visitors through the museum where most important art pieces, related to this subject, are exposed. To extend this solution to a mobile device based applications, a bi-panel view is employed. First panel is the Map panel. It shows actual space map and navigation control is provided by the application of Free Will Navigation pattern. This map shows the stop points defined by the selected route. Selection keys moves to the next and previous points of visit instead of next and previous object or space within the map. To select the route, you have to swap panels and the Route selection panel. To do it, a mobile device key is assigned (usually it is the home key). To disable routes, a special route called Free is used.
Consequences:
First advantage of using Routes pattern is the possibility for users to focus their visit on part of the information provided by the m-space application. Consequently, it optimizes the visit times and provides an easy way to look for specific objects or spaces in a close range search. Another advantage of applying this pattern is the simplification of device control because only two controls (keys) are needed to navigate across a defined route the previous and next.
Schematic Description:
Fig. 9. Routes
The key is used to switch between views.
Related Patterns
This catalogue patterns: This pattern is close related to Free Will Navigation because when the No Route route is selected, Free Will Navigation is applied. W3C Common Sense Suggestions for Developing Multimodal User Interfaces: This pattern satisfies real world constraints by suggesting an easy way to perform a task because it allows users to look for a group of related objects. It also communicates clearly, concisely and consistently with users keeping user interface simple because the map is used as a part of routing interface. Finally, it makes user comfortable by improving Human-memory constraints. Tidwell's sublanguages: We found out this pattern is related to Clear entry points because routes list panel represents a list of entry points of a physical space; Bookmarks because each route can be seen as a list of ordered bookmarks; Convenient Environment Actions because action feedback is shown on screen; Navigable spaces because cursor keys are used to move across stop points;
Step by step Instructions because Route navigation can be seen as a sequence of actions; Map of navigable spaces because Routes could be seen as "filtered maps"; Go Back One Step because it allows navigating across spaces; and finally, the Control panel sublanguage is applied on Routes panel too.
Accessibility
Public spaces should be available to everybody. An m-space application goal is providing users with a tool to browse and retrieve information from physical spaces. This tool should be available to all people, so accessibility issues are a must of any m-space application. Besides, these applications may provide disabled people with a powerful tool that easies their life because information that could be difficult to reach, due to architectonic barriers, may be available through this type of applications. So, a category that groups patterns dealing with the improvement of m-space application accessibility is defined.
Space Audio Perception
Synopsis: A voice notifies the user the space he or she has selected or entered.
Context: Blind people cannot see selection or environments from screen.
Solution:
We base our solution on voice based interfaces by adding voice awareness to m-space applications when any action occurs.
Consequences:
Blind people can enjoy the application and get profit of it.
Related Patterns: It can be used with Free Will Navigation pattern to provide blind users access to application. This mechanism jointly with voice oriented content will provide accessibility to the whole content of the space.
Right-Left Handed Users
Synopsis: This pattern adapts Landscape based interfaces of m-space applications to be used by right-left handed people.
Context: Usually people do not have the same skills on both hands. So, if an application can be used with one hand only, it is logical that the hand used to perform operations be the skilled one.
Solution:
The solution lays on two issues. The first one is mirroring screen horizontally to get the screen view accordingly and the second one is the swapping of cursor keys behavior. Up swaps to down and left swaps to right.
Consequences:
The most important consequence is the fact that accessibility is improved, and the system can be used by people more efficiently. Tidwell's sublanguages: We found this pattern is related to convenient environment actions because actions are adjusted to user's perspective. It also improves flexibility by providing explicit control to the user. Finally, this pattern improves learnability and memorability too.
Zoom
Synopsis: The aim of this pattern is the provision of controls to change font size easily when users are reading documents.
Context: Elder people usually have problems to read documents from portable devices.
Solution:
When a text is being shown, it is wrapped and cursor keys to left and right are used to increase -decrease font size. Up and down buttons are used to scroll text.
Consequences:
Accessibility is improved, and the system can be used by people more efficiently.
Applying HCI Design Patterns in an m-space application
In this section we present the evaluation performed to guarantee the validity of these patterns regarding usability issues. To achieve this goal, we have developed a prototype employing the design patterns described in previous sections based on a real m-space application. The former application is completely available to visitors, who can rent a pocket computer (PDA) to explore the museum pieces and spaces, in the Cutlery Museum of Albacete (MCA) in Spain (Gallud et al, 2005) . The application of these patterns is exposed in detail in (Tesoriero et al., 2007b) .To compare usability issues, a usability evaluation was performed on the original system and then we performed the same evaluation to the prototype. We briefly explain the functionality and interface design of the original system. Then, we describe how design patterns have been applied to build the new prototype. And finally, we compare the evaluation results standing out some final remarks.
MCA Original System
This section describes the main features regarding the UI of the original MCA m-space application. The diagram depicted in Fig. 12 shows the application UI transitions to explain how people interact with the application. In this diagram, each box represents a screen; arrows represent a transition from one screen to another. Actions that perform a screen transition are identified by a label above the arrow line. An arrow without label expresses an implicit transition (more than one, expresses selection). Once the application navigation has been defined, we will explain the application screens and its main functionality. The system provides four ways of guiding visitors through the space: The first one is Recommended Routes mode. This mode was designed to guide users interested in specific subjects through concrete routes. Samples of these routes are: knives of XVII century or French scissors. To provide this service, a list of recommended routes is displayed to the user. Once a route is selected, the first piece's location is shown on the screen. Users can see the information of the selected piece, by pressing Ver Pieza (see Fig.  13a ); or can select the next piece according to a defined order, by clicking on siguiente; or can go to the previous piece by clicking on anterior (see Fig. 13a ). The second one is the Guided Tour mode. It was designed as a general purpose route to guide inexperienced visitors through the whole building. Functionality and behaviour is identical to a selected route on "Recommended Routes". The Access to finder is used to look for pieces or showcases in the museum. This search can be performed on two ways. The first one is by using piece characteristics (Fig. 13b) . The second one is by entering the code of a piece or a showcase (Fig. 13c) . Once the search process is concluded, the piece or the list of pieces is shown to the user. If a list of pieces is the result of the searching process, then, users may select pieces to display their information, as shown in Fig. 13g . The Unguided Tour allows users to navigate across the application to get information about pieces and showcases. The information is displayed on levels and three levels were defined: exhibitions, rooms, showcases and pieces. The user interfaces for each level are depicted in Fig. 13 (d) , (e), (f) and (g) respectively.
Fig. 12. UI screen transitions.
www.intechopen.com Fig. 13 . UI screen transitions.
MCA Pattern based Prototype
As the previous version of the system interface, the new one is organized in levels. The first and upper level represents the whole museum (see Fig. 14a ). A museum can be composed by several buildings. A building may be composed by several floors (Fig. 14b) . A floor may be composed by several rooms (Fig. 14c ) and a room may contain some furniture pieces as cabinets or showcases (Fig. 14d) . A furniture piece contains objects or art pieces, as depicted in Fig. 14e . Finally, the lower level is defined by piece information, as shown in Fig. 14f . To navigate across spaces we applied Free Will Navigation. As Free Will Navigation allows users to control the application using cursor keys only, the application can be controlled by blind people; so if we combine this pattern with Space Audio Perception pattern by adding sounds on space transitions the application can be used by blind people. Free Will Navigation can be combined with Landscape pattern too. So, PDA can be used with one hand only. Although Free Will Navigation solves many problems, it adds a new accessibility problem. Left-handed and right-handed people should use the application. To cope with this situation we apply Right-Left hande d users, de sig n pattern. This pattern proposes control keys switching and screen mirroring to solve this problem. To improve user orientation and localization, we applied Signs and Door at back design patterns. A space transition happens when a user moves virtually and physically from one space to another; for instance form a room to another. As room shapes may vary, the VerticalHorizontal Layout pattern is applied. As consequence we applied Layout Transition pattern, People were queried about the system and were asked to express their feelings about MCA application. To get general impression about user satisfaction of MCA application a questionnaire was prepared according to the standard. Details and results of the study were published on . The questionnaire is composed by ten multiple choice questions. Each question has six possible answers according to the users' level of satisfaction. The least satisfying answer scores 1 while the most satisfying scores 6. The experiment embraced three aspects of the application covered by this questionnaire. The first aspect is about graphic design and visual impact and it is covered by questions 1, 2 and 3. The second aspect is about application general usability and it is covered by questions 4, 5 and 10. Finally, the third one is about application concrete functionality (i.e. finding a showcase) and it is covered by questions 6, 7, 8 and 9. To measure users' experience satisfaction for a Question q the following formula is applied:
Level of Satisfaction
Where (Sq) is the satisfaction level of question q, (L) is the amount of possible answers (in this case 6), (x l ) is the amount of people that answered l in question q and (N) is the amount of people that filled the questionnaire.
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The result of applying formula (1) is a value between 1/6 and 1, the greater the better. Although the satisfaction evaluation embraces three aspects due to the fact we have developed a prototype using design patterns we will focus on the last two aspects of the application general usability and concrete functionality because appearance details were left to a later stage of development. System evaluation results are exposed in Fig. 15 . Comparing results we found that application design, graphic quality, application appearance and language selection are below of the mean. The main reason of UI appearance targeted a low score is the fact that it is just a preliminary prototype and we did not care about graphical design at this stage because the application supports skins and it should be customized according the specific situation, we focused our efforts on usability issues leaving details for later. Language selection was finding, because we thought that people only think about changing language in the beginning only, but experience demonstrated that it is not true. Other issues are above 82% of satisfaction and it is remarkable because it is a good mark in general, taking into account that the scale starts at 17.67% and 83.33% represent a level of satisfaction of 5 point on 6. If we see Fig. 15b where we based our analysis on three aspects defined before: graphic design and visual impact, general usability, concrete functionality, we found that first aspect was discussed on previous analysis, so we will center the discussion on aspect 2 and 3. On Aspect 2, we can deduce that people are not aware or underestimate general usability issues because scoring in question 10 (usability in general) is 82.14% and it is the lower value of usability questions, because the other two questions averages 87.5 %. We think that the poor performance on Aspect 1 affected this item, although indirectly. As we discussed before, on Aspect 3 language selection had affected the result on 9.72 % and concrete functionality would have scored almost 89%.
Conclusions and Future Work
As new types of applications emerge, technology advances and a new set of applications (mspace applications) arises. These applications have characteristics and constraints related to www.intechopen.com
Human-Computer Interaction, New Developments 284 the physical space that define them. Some problems associated to these issues should be coped. To solve these problems, we have proposed an HCI design pattern language. These patterns have been grouped in categories that solve related problems providing a useful way to identify them. As we can see from the evaluation results we can deduce that usability is improved applying these patterns. We want to remark also that the catalogue could be extended with new patterns covering new needs, making it as open and flexible as possible. Our work in progress is currently focused on patterns evaluation. Usability evaluation tests are being designed to measure usability before and after the application of these patterns. We are also thinking about performing these tests inside and outside an HCI Lab and compare these measurements. From our perspective, we think that m-space applications are not mature enough and more research is needed to achieve natural interaction and better user experience. So we propose some future wok on this field to improve HCI on this environment. In order to improve interaction on m-space applications, sensors could be also used to suppress manual navigation with cursor keys. To provide this functionality, there are many technologies currently available (RFID, Barcodes, IRDA, etc) that could be used to provide location aware applications (Tesoriero et al, 2008) .
